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Learning outcomes
1. Basic notions of Microsoft Excel applied to Finance.
2. Obtaining financial information from publicly available sources.
3. Simple exercise of CAPM beta.
4. Dealing with several portfolios. 
5. Obtaining and working with the variance-covariance matrix.
6. Estimating efficient frontiers. 
7. Calculating the minimum variance portfolio and the tangency portfolio.
8. Performing an overall analysis.
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Introduction
•These lessons are aimed at learning to solve some frequent tasks in Finance using
MS Excel.
•Other software can be used in professional environments: Matlab, Stata, SPSS, etc.
•We will retrieve information from publicly available sources: finance.yahoo.com, the
ECB Warehouse or the Federal Reserve Bank, amongst others.
•Further databases: Thomson Reuters Datastream.
•These exercises are an application of the theory revisited in the theoretical lectures.
•Reference:
Benninga, Simon (2014). Financial Modelling. The MIT Press. London, UK, fourth
edition.
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Simple exercise of CAPM Beta
Question 1: Suppose that the price of two certain assets are given as follows:
Compute return 𝑟1,𝑡 = 𝑙𝑛
𝑃1,𝑡
𝑃1,𝑡−1
, 𝑟2,𝑡 = 𝑙𝑛
𝑃2,𝑡
𝑃2,𝑡−1
, and then take averages,
variances, covariance, and correlation between both assets using MSExcel.
Dates Asset 1 Price Asset 2 Price
1 120 210
2 119 220
3 123 225
4 125 201
5 121 205
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Simple exercise of CAPM Beta
•The first columns are calculated with numeric entries.
•We compute the columns E and F as the ratios (=B5/B4) and (=C5/C4),
respectively.
•Then, we compute the columns G and H using the logarithm operator with the
command (=Ln(E5)), and (=LN(F6)), respectively.
•Some useful tips:
✓CTRL + J copies the formula through the column.
✓CTRL + D copies the formula through the row.
✓CTRL + ↑ cell up one row.
✓CTRL + ↓ cell down one row.
José Manuel Mansilla Fernández                                            Exercise 2                     Economics of Financial Intermediation (CLEF)
Some useful commands
➢Count to show the count of the records for a particular category.
➢Sum to total
➢Average to calculate the arithmetic mean for values in the field for the
current category and page filter.
➢Var.P to calculate the variance for the population.
➢StdDev.P to calculate the standard deviation for the population.
➢Covar.P to calculate the covariance for the population.
➢Max and Min to calculate the largest and the minimun value, respectively.
➢Percetile to estimate the percentiles, including the median, of the sample.
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Definitions
Operator Definition
Average
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 ෪𝑅𝑖 =
σ𝑖=1
𝑇 ෪𝑅𝑖
𝑇
Covariance
𝐶𝑜𝑣( ෨𝑅𝑖 , ෨𝑅𝑇) =
σ𝑖=1
𝑇 ෨𝑅𝑖 −
ഥ෨𝑅𝑖 ෨𝑅𝑇 − ෨𝑅𝑇
𝑇
Variance
𝑉𝑎𝑟 ෨𝑅𝑇 =
σ𝑖=1
𝑇 ෨𝑅𝑇 − ෨𝑅𝑇
2
𝑇
Standard Deviation
𝑆𝐷 ෪𝑅𝑖 = 𝑉𝑎𝑟(෪𝑅𝑖)
Correlation coefficient
𝜌𝑖𝑇 =
𝐶𝑜𝑣( ෨𝑅𝑖 , ෨𝑅𝑇)
𝑆𝐷 ෨𝑅𝑖 𝑆𝐷( ෨𝑅𝑇)
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Simple exercise of CAPM Beta
Question 2: Using the information released by finance.yahoo.com, calculate the
CAPM Beta for The Coca Cola Company employing monthly data for 2016. In the
spreadsheet, you should specify:
a) Covariance of the returns.
b) Variance of the returns.
c) Correlation coefficient of the returns.
d) Represent the slope of CAPM Beta and the evolution of the returns of Coca-
Cola and S&P 500.
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Retrieving information from Yahoo
1) We browse finance.yahoo.com
2) We click on ‘Market Data’.
3) We click on S&P 500.
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Retrieving information from Yahoo
1. We select ‘Historical Data’.
2. Clicking on ‘Frequency’ we can 
select the data frequency we are 
interested to work with.
3. ‘Apply’ will refresh the information
on the screen.
4. Finally, we download the data.
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Definition of CAPM Beta
Recall that CAPM Beta is defined as: 
𝛽 =
𝐶𝑜𝑣( ෨𝑅𝑖 , ෨𝑅𝑇)
𝑉𝑎𝑟( ෨𝑅𝑇)
where:
a) 𝐶𝑜𝑣( ෨𝑅𝑖 , ෨𝑅𝑇) =
σ𝑖=1
𝑇 ෨𝑅𝑖− ෨𝑅𝑖 ෨𝑅𝑇− ෨𝑅𝑇
𝑇
b) 𝑉𝑎𝑟 ෨𝑅𝑇 =
σ𝑖=1
𝑇 ෨𝑅𝑇− ෨𝑅𝑇
2
𝑇
c) ෨𝑅𝑖and ෨𝑅𝑇 are the returns of security 𝑖 and S&P500, respectively.
d) ෨𝑅𝑖 =
End−of−period value
Beggining−of−period value
-1
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Definition of CAPM Beta
The correlation coefficient is given as:
𝜌𝑖𝑇 =
𝐶𝑜𝑣( ෨𝑅𝑖 , ෨𝑅𝑇)
𝑉𝑎𝑟( ෨𝑅𝑖)𝑉𝑎𝑟( ෨𝑅𝑇)
•The correlation coefficient is always between -1 and +1, i.e. −1 ≤ 𝜌 ≤ +1.
•If the correlation coefficient is positive (negative), then the returns of the two
assets are linearly related with a positive (negative) slope.
•If the return distributions are independent, then the correlation coefficient will
be zero. (The opposite are not necessarily true, if r = 0 does not mean that the
returns are independent).
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Definition of CAPM Beta
REPRESENTATION OF BETA CAPM EVOLUTION OF THE RETURN OF KO & SP&500
y = 0.3325x + 0.0061
R² = 0.1636
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Estimating efficient frontiers
Question 3: Retrieving information fom Apple Inc. (AAPL) and Intel Corporation
(INTC):
a) Means, variance and covariance of both assets.
b) Means and variance of the portfolio.
c) Represent the envelope supposing that the proportion invested in AAPP is
equal to 50%.
Note: The words envelope and frontier are interchangeable (have the same meaning).
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Estimating efficient frontiers
The mean return of the portfolio is the weighted average return of the
component stocks.
𝐸 𝑟𝑝 = 𝑥𝐸 𝑟𝐴𝐴𝑃𝐿 + 1 − 𝑥 𝐸 𝑟𝐼𝑁𝑇𝐿
The variace is not the average of the stocks.
𝑉𝑎𝑟 𝑟𝑝 = 𝑥
2𝑉𝑎𝑟 𝑟𝐴𝐴𝑃𝐿 + 1 − 𝑥
2𝑉𝑎𝑟 𝑟𝐼𝑁𝑇𝐿 + 2𝑥 1 − 𝑥 𝐶𝑜𝑣(𝑟𝐴𝐴𝑃𝐿 , 𝑟𝐼𝑁𝑇𝐿)
A frequent performed exercise is to plot the means and standard deviations for
various portfolio proportions x.
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Estimating efficient frontiers
•Portfolio standard deviation is represented in 
the horizontal axis.
•Portfolio mean return is represented in the
vertical axis.
We estimate the combination of the two
portfolios calculated in the previous exercises.
The mean of the portfolio’s return is:
𝐸 𝑟𝑝 = 𝑎𝐸 𝑟𝑥 + 1 − 𝑎 𝐸(𝑟𝑦)
The standard deviation:
𝜎𝑝 = 𝑎2𝜎𝑥
2 + (1 − 𝑎)2𝜎𝑦
2 + 2𝑎 1 − 𝑎 𝜎𝑥𝑦
0.0000
0.0050
0.0100
0.0150
0.0200
0.0250
0.0300
0.0350
0.0400
0.0500 0.0550 0.0600 0.0650 0.0700 0.0750 0.0800
P
o
rt
fo
lio
 m
ea
n
 r
et
u
rn
 E
(r
)
Portfolio standard deviation sp
José Manuel Mansilla Fernández                                            Exercise 2                     Economics of Financial Intermediation (CLEF)
Case of N assets
Question 4: Suppose that we create a portfolio with the former four assets. Calculate:
a) Portfolio statistics: Mean, variance, covariance, correlation.
b) Calculate the table of returns based on ‘India asset’.
c) Represent in a graph the ‘Portfolio expected returns’ (vertical axis) and the ‘Portfolio
standard deviation’ (horizontal axis).
Variance-Covariance Matrix, S Mean returns
Asset 1 Asset 2 Asset 3 Asset 4 E(r )
Asset 1 0.10 0.01 0.03 0.05 0.06
Asset 2 0.01 0.30 0.06 -0.04 0.08
Asset 3 0.03 0.06 0.40 0.02 0.10
Asset 4 0.05 -0.04 0.02 0.50 0.15
Portfolio x 0.20 0.30 0.40 0.10
Portfolio y 0.20 0.10 0.10 0.60
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Case of N assets
There are N risky assets, each of which has expected return E(ri):
𝐸 𝑟 =
𝐸(𝑟1)
𝐸 𝑟2
⋮
𝐸 𝑟𝑛
S is the N×N variance-covariance matrix:
𝑆 =
𝜎11 𝜎12 … 𝜎𝑁1
𝜎21 𝜎22 … 𝜎𝑁2
⋮
𝜎𝑁1
⋮
𝜎𝑁2
⋱
⋯
⋮
𝜎𝑁𝑁
And x, a portfolio of risky assets:
𝑥 =
𝑥1
𝑥2
⋮
𝑥3
, ෍
𝑖=1
𝑁
𝑥𝑖 = 1
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Case of N assets
The expected portfolio return E(rp) of a portfolio x is joven by the product of x
and R:
𝐸 𝑟𝑝 = 𝑥
𝑇 · 𝑅 =෍
𝑖=1
𝑁
𝑥𝑖𝐸(𝑟𝑖)
The variance of portfolio x’s return 𝜎𝑥
2 = 𝜎𝑥𝑥, is given by the product:
𝜎𝑥
2 = 𝑥𝑇𝑆𝑥 = σ𝑖=1
𝑁 σ𝑗=1
𝑁 𝑥𝑖𝑥𝑗𝜎𝑖𝑗
The covariance between the return of two portfolios x and y is defined as:
𝐶𝑜𝑣 𝑟𝑥, 𝑟𝑦 = 𝜎𝑥𝑦 = 𝑥
𝑇𝑆𝑦 =෍
𝑖=1
𝑁
෍
𝑗=1
𝑁
𝑥𝑖𝑦𝑗𝜎𝑖𝑗
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Case of N assets
•This exercise represents the efficient
frontier given two portfolios x and y.
•The solution is similar to the previous
exercise.
•In this regard,
➢Portfolio standard deviation
represented in the horizontal axis.
➢Porfolio mean return represented
in the vertical axis.
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Variance and covariance matrix
Question 5: India, Russia, China. India’s mean return 6%, Russia mean return 3%,
China mean return 9%.
Given the following variance and covariance matrix:
Suppose 𝑤1
𝑀𝑉 = 𝑤2
𝑀𝑉 = 𝑤3
𝑀𝑉 =
1
3
; 𝜇𝑀𝑉 =
1
3
0.06 +
1
3
0.03 +
1
3
(0.09)
Hypothetical return: 𝑅𝑓 = 0.04
Estimate the tangency portfolio.
India Russia China
India 0.002 0.001 0.001
Russia 0.001 0.002 0.001
China 0.001 0.001 0.002
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Tangency Portfolio
Satisfies: 
𝜇𝑖 − 𝑅𝑓
𝐶𝑜𝑣(෪𝑅𝑖 , 𝑅𝑇)
=
𝜇𝑗 − 𝑅𝑓
𝐶𝑜𝑣( ෩𝑅𝑗 , 𝑅𝑇)
, ∀𝑖, 𝑗
Use the two step procedure:
1)
𝜇𝑖 − 𝑅𝑓
𝐶𝑜𝑣(෪𝑅𝑖 , 𝑅𝑇)
= 1, 𝑖 = 1,…𝑁
2) Rescale the portfolio weights:
𝜔𝑖𝑇 =
𝜔𝑖
σ𝑖=1
𝑛 𝜔𝑖
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System of linear equations
A system of 3 linear equations with 3 unknowns can be written as follows:
ω1σ
2
I + ω2σI,R + ω3σI,C = 0.02
ω1σI,R + ω2σ
2
R + ω3σR,C = −0.01
ω1σI,C + ω2σR,C + ω3σ
2
C = 0.05
Returns
𝜇 − 𝑅𝑓
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Applying Cramer’s rule
0.002 0.001 0.001
0.001 0.002 0.001
0.001 0.001 0.002
𝑤1
𝑤2
𝑤3
=
0.02
−0.01
0.05
𝑤1 =
0.02 0.001 0.001
−0.01
0.05
0.002
0.001
0.001
0.002
∆
; 𝑤2 =
0.002 0.02 0.001
0.001
0.001
−0.01
0.05
0.001
0.002
∆
𝑤3 =
0.002 0.001 0.02
0.001
0.001
0.002
0.001
−0.01
0.05
∆
; ∆=
0.002 0.001 0.001
0.001 0.002 0.001
0.001 0.001 0.002
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Applying Cramer’s rule
Solution:
𝑤1
𝑤2
𝑤3
= −
5
25
35
⟹
𝑤1′
𝑤2′
𝑤3′
=
0.33
−1.67
2.33
∆= 0.00001
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Minimum Variance Portfolio
Question 6: Consider three assets with the following given variance and
covariance matrix:
Estimate the Minimum Variance Portfolio.
Asset 1 Asset 2 Asset 3
Asset 1 0.002 0.009 0.001
Asset 2 0.009 0.006 0.01
Asset 3 0.001 0.01 0.005
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Minimum Variance Portfolio
The minimum variance portfolio results from solving for the following programme:
𝜔𝑚𝑣 = argmin
𝜔
𝜔𝑇𝑉𝜔
𝑠. 𝑡. 𝜔𝑇= 1
The algorithm is simple:
i) Solving for the weights that make the covariance matrix of the n securities equal to an
arbitrary constant 1.
𝐶𝑜𝑣 ෨𝑅𝑖 , ෨𝑅𝑣 ≡෍
𝑖=1
𝑛
𝜔𝑖 ෨𝑅𝑖 = 1, 𝑖 = 1…𝑁
ii) Rescaling the portfolio weights so the add to 1:
𝜔𝑖𝑚𝑣 =
𝜔𝑖
σ𝑖=1
𝑛 𝜔𝑖
José Manuel Mansilla Fernández                                            Exercise 2                     Economics of Financial Intermediation (CLEF)
Minimum Variance Portfolio
A system of 3 linear equations with 3 unknowns can be written as follows:
ω1σ
2
1 + ω2σ12 + ω3σ13 = 1
ω1σ21 + ω2σ
2
2 + ω3σ23 = 1
ω1σ31 + ω2σ32 + ω3σ
2
3 = 1
Constant vector 
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Minimum Variance Portfolio
Solution:
𝑤1
𝑤2
𝑤3
=
55.6
99.73
−10.78
⟹
𝑤1′
𝑤2′
𝑤3′
=
0.39
0.69
−0.07
∆= −0.00001
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General exercise
Question 7: Consider the weekly stock prices between the 28th September 2015
and the 26th September 2016 for Aflac Inc. (AFL) and American International
Group (AIG).
a) Calculate the main summary statistics for each security.
b) Calculate the variance-Covariance Matrix.
c) Estimate the Minimum Variance Portfolio.
d) Represent the efficient frontier and the tangency portfolio.
e) Estimate and represent the CAPM Beta for both securities.
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General exercise
Summary statistics
N 53
Mean(rAFL) 0.0058
Mean(rAIG) 0.0018
Var(rAFL) 0.0004
Std.Dev.(rAFL) 0.0207
Var(rAIG) 0.0009
Std.Dev.(rAIG) 0.0293
Cov(rAFL, rAIG) 0.0004
Variance-Covariance Matrix
rAFL rAIG
rAFL 0.0004 = 
Var(rAFL)
0.0004 = 
Cov(rAFL, rAIG)
rAIG 0.0004 0.0009 = 
Var(rAIG)
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General exercise
Minimum Portfolio and Tangency Portfolio
MV Portfolio Tangency Portfolio
m 0.0071 0.0104
s 0.0206 0.0340
We estimate the combination of the two
portfolios calculated in the previous
exercises.
The mean of the portfolio’s return is:
𝐸 𝑟𝑝 = 𝑎𝐸 𝑟𝐴𝐹𝐿 + 1 − 𝑎 𝐸(𝑟𝐴𝐼𝐺)
The standard deviation:
𝜎𝑝 = 𝑎2𝜎𝐴𝐹𝐿
2 + (1 − 𝑎)2𝜎𝐴𝐼𝐺
2 + 2𝑎 1 − 𝑎 𝜎𝐴𝐹𝐿 𝐴𝐼𝐺
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Tangency Portfolio
(s,m) = (0.0340,0.0104)
MV Portfolio
(s,m) = (0.0206,0.0071)
Rf = 0.003
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Feasible and efficient portfolios
•A feasible portfolio is any portfolio whose proportions sum to 1.
•The feasible set is the set of portfolio means and standard deviations generated
by the feasible portfolios; this feasible set is the area inside and to the right of
the curved line. A feasible portfolio is on the envelope of the feasible set if for a
given mean return it has minimum variance.
•Finally, a portfolio x is an efficient portfolio if it maximizes the return given the
portfolio variance (or standard deviation). That is: x is efficient if there is no
other portfolio y such that E (Ry) > E (Rx) and σy < σx.
•The set of all efficient portfolios is called the efficient frontier.
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General exercise
y = 0.8631x + 0.0039
R² = 0.5723
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y = 1.1329x - 0.0007
R² = 0.4917
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